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A  small amount of four times recrystallized pyrophosphatase from yeast 
(1, 2) was made available through the kind cooperation of Dr. M. Kunitz for a 
limited physicoehemicai characterization Of the enzyme. Ultracentrifuge, vis- 
cosity, and electrophoresis studies were performed on solutions of the  enzyme 
in eaeodylate-sodium chloride buffers at pH 6.7.  The sedimentation and vis- 
eosi~ data are shown in Table I. 
Figs. 1 and 2 show representative pictures of the ultracentrifuge and electro- 
phoresis patterns of a  1 per cent solution of the enzyme. An ultracentrifugal 
analysis in 0.01 M cacodylate-0.49 ~  sodium chloride buffer at pH 6.7 yielded 
the same pattern as that shown in Fig. 1. Data are too meager to permit con- 
elusive statements regarding the homogeneity of the preparation other than 
that  electrophoresis  showed only one boundary at  pH  6.7  with a  mobility 
of --1.8  X  10  -5 em./sec./volt/cm, and that there was one boundary in  the 
ultracentrifuge with a sedimentation constant, extrapolated to infinite dilution, 
of about 4.4 S. A slight shoulder was detected on the fast side of the sediment- 
ing boundary, but its significance is not clear at present.  Calculation of the 
concentration of the solution from the measured areas of the ultracentrifuge 
curves, the known optical and physical constants of the ultracentrifuge, and 
the assumed refractive index increment, 185  X  10  -5 for a  1 per cent solution, 
shows that over 90 per cent of the protein in solution can be accounted for in 
the single boundary. 
The low value, 3.3,  for the weight intrinsic viscosity,  [~], where [~], is the 
limit, as concentration approaches zero, of the ratio of the specific viscosity to 
concentration, where concentration is in grams per milliliter, suggests that the 
molecules are either spherical  with a  hydration of about 0.6  gin. water/gin. 
protein or, if the protein is anhydrous, then the axial ratio is about 4  to  1. 
The viscosity data are also compatible with a hypothetical model of axial ratio 
about 2 to 1 hydrated to the extent of 0.3 gm. water/gin, protein (3). Combina- 
tion of the viscosity data with the sedimentation constant, and assuming the 
latter model, leads to an anhydrous molecular weight of about 63,000  for the 
enzyme. A partial specific volume of 0.75 ml./gm, was assumed for the calcula- 
tion of the molecular weight. From the sedimentation constant and the diffusion 
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coefficient,  6.8 X  10  -7 cm3/sec. (in water at 20°C.), calculated from the data of 
Kunitz  (2)  from measurements by the porous disc method, a value of 63,000 
for the molecular weight is obtained. In an effort to obtain additional informa- 
tion regarding the diffusion coefficient,  the ultracentrifuge curves were analyzed 
in terms of diffusion and the values 6.8  X  10  -7 and 5.9 X  10-  7 cm3/sec, were 
obtained for the apparent diffusion coefficient  by the maximum ordinate area 
and  inflection point methods, respectively. Experimental  factors such as  the 
TABLE I 
Sedimentation  and  Viscosity of Pyrophosphatase 
Concentration  Solvent 
gm./lO0 ml. 
0.45 
0.9 
1.0 
1.0 
1.3 
1.9 
2.47 
0.01 ~t Cac 
0.19 ~s NaCI 
0.01 M  Cac 
0.19 ~r NaC1 
0.01 ra Cac 
0.18 M  NaCI 
0.01 g Cac 
0.49 M  NBC1 
0.01 M  Cac 
0.19 M  NaC1 
0.01 M  Cac 
0.19 ~ NaC1 
0.01 xt Cac 
0.19 ~t NaC1 
4.3 
4.1 
4.2 
4.2 
4.0 
3.9 
3.8 
s °  ~  %p/C 
S  mL/gm. 
3.4 
3.4 
3.3 
3.8 
3.7 
difficulty of reading the plates precisely, the uncertainty of zero time, the lack 
of accurate temperature control, and the limitations of the length of the experi- 
ment,  and  theoretical  factors  such  as  the  effect  of  inhomogeneity and  the 
problem of boundary sharpening (4)  make it difficult  to  determine  diffusion 
coefficients accurately from the spreading of a boundary in the ultracentrifuge; 
thus the rather close  agreement between the values obtained here,  with that 
determined  by Kunitz  by the  porous disc  method,  may be  fortuitous.  The 
molecular weight calculated from diffusion and viscosity data on the assumption 
of a hydration of 0.3 gin. water/gin, protein is about 62,000. Since this calcula- 
tion  involves  the  third  power of  the  diffusion  coefficient,  any error  in  this 
measurement is considerably magnified in the calculation of molecular weights. H.  K.  SCIIACHMAN  453 
FIG.  1.  Ultracentrifuge  pattern  of  1 per  cent pyrophosphatase  solution  in 0.01  M 
cacodylate-0.18  M sodium  chloride buffer  at  pH  6.7. 
Fla.  2.  Electrophoresis  pattern  of  1 per  cent pyrophosphatase  solution  in 0.01  ~z 
cacodylate4).18  ~  sodium  chloride buffer  at  pH  6.7. 454  P/-IYSICOC~IEMICAL  STUDIES  ON  PYROPttOSPttATASE 
Therefore,  the  latter  value  may be  changed  considerably  when  data  from 
more  precise  diffusion  studies  become  available.  The  value  obtained  from 
sedimentation and diffusion may be changed to a lesser extent by a change in 
the  diffusion coefficient. In addition,  the value obtained from sedimentation 
and viscosity data may be slightly in error because of the possibility of surface 
denaturation of the enzyme during the viscosity measurements which would 
result in too high a value for the intrinsic viscosity and the molecular weight. 
Despite the excellent agreement obtained by the three methods, the value, 
60,000,  for the anhydrous molecular weight of pyrophosphatase must be con- 
sidered a  tentative value until more data at different protein concentrations, 
different ionic strengths, and different values of pH are available and the partial 
specific volume is determined. 
SUMMARY 
Ultracentrifuge and electrophoresis studies on one preparation of crystalline 
pyrophosphatase  showed  the  presence  of  one  major  component  which  ac- 
counted for more than 90 per cent of the protein.  Combination of viscosity, 
diffusion, and ultracentrifuge data leads to a model of low asymmetry with an 
anhydrous molecular weight of about 60,000. 
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